Background: High blood pressure (BP) or hypertension is considered one of the top global disease burden risk factors. In November 2017, the ACC/AHA and other organizations announced a new hypertension guideline of 130/80 mmHg. Data and Methods: We evaluate the effects of BP on increases in medical expenditures using transformation tobit models and a dataset containing 175,123 medical checkups and 6,312,125 receipts from 88,211 individuals in three health insurance societies. The sample period was April 2013 to March 2016. We first created a database of combined checkup results and medical expenditures. The power transformation tobit model was then used to remove the effects of other variables, and we investigated the relation between medical expenditures and BP, especially systolic BP (SBP). Results: We observed negative effects of SBP on medical expenditures. The results raise uncertainty about the reliability of the new guideline, at least for SBP. Although the simple correlation coefficient of medical expenditures and SBP was positive, the sign of the SBP estimate became negative when a variable representing obesity was included. In terms of other medical checkup items, while LDL is considered the "bad" cholesterol, it reduced medical expenditures. Conclusion: Our results did not support the new 2017 ACC/AHA guideline for SBP. A wide and careful range of reviews not only for heart diseases but also for other disease types will be absolutely necessary. New studies to verify the guideline should also be conducted. Limitations: The dataset was observatory, the sample period only 3 years, and we could not complete a time-series analysis of individuals.
Introduction
The World Health Organization (WHO) [1] reports that, "Five of the top 10 selected global disease burden risk factors identified by World Health Report 2002: reducing risks, promoting healthy life-obesity, high blood pressure, high cholesterol, alcohol and tobacco." In terms of blood pressure (BP), the WHO [2] states: "Worldwide, raised blood pressure is estimated to cause 7.5 million deaths, about 12.8% of the total of all deaths. This accounts for 57 million disability adjusted life years (DALYS) or 3.7% of total DALYS." It also specified "complication of hypertension accounted for 9.4 million deaths in each year" [3] . Lim et al. [4] also found that hypertension was one of the three leading risk factors for the global disease burden (GDB) in 2010. Guidelines stated individuals should be treated for high BP or hypertension when their systolic BP (SBP; during the heart beat) is 140 mmHg or more, or their diastolic BP (DBP, when the heart is at rest) is 90 mmHg or more [5] . (For problems with BP measurement errors due to the white-coat effect and other factors, see [6] [7] [8] [9] ).
The National Heart, Lung and Blood Institute [10] classified hypertension as Stage 1 (SBP of 140 -159 mmHg; DBP of 90 -99 mmHg) and Stage 2 (SBP of 160 mmHg or more; DBP of 100 mmHg). It has been reported that the risk of cardiac diseases increased with BP level in all age groups [11] [12] . WHO and the International Society of Hypertension (ISH) [13] provide guidelines for controlling hypertension WHO-ISH classified hypertension into three categories: and other risk factors, they concluded that the risk of a major cardiovascular event over a 10-year period was about 20% -30% in high-risk and 30% or more in high-and very-high-risk groups.
The Prospective Studies Collaboration [14] performed a meta-analysis of individual data for 1,000,000 adults in 61 prospective analyses. They studied 12.7 million person-years at risk. They identified about 56,000 cases of vascular death, including 12,000 stroke, 34,000 ischaemic heart disease (IHD), and other vascular deaths. They found that IHD mortality increased in all age cohorts (from 40 -49 to 80 -89) as SBP and DBP increased. Moreover, hypertension lowered quality of life (QOL) [15] [16] , and the true cost including indirect cost such as effects on QOL is considered to be much higher than the direct cost. It is estimated that hypertension caused 4.5% of the current GDB [17] , suboptimal BP cost $370 (US $) billion globally in 2001 [18] , and hypertension cost the U.S. about $51.2 billion per year in 2012-2013 [19] [20] . The Centers for Disease Control and Prevention (CDC) [21] estimated high BP costs the U.S. $48.6 bil-K. Nawata, M. Kimura lion per year. The medical expenditure for hypertension and related diseases reached as high as 1.85 trillion yen in fiscal year 2015 in Japan [22] . Almost all studies agree that hypertension is a major health risk factor and costly disease.
Race, genetic and environmental factors, and health administrative activities are important factors for BP [7] [23] [24] . For example, Rose [25] compared the distribution of SBP in Kenyan nomads and London civil servants, and found that the former was much lower than the latter. Nawata et al. [26] reported that various factors such as age, gender, health conditions and lifestyle strongly affected BP levels in Japan. They found that SBP increased about 5 mmHg with 10 years of increased age, and was 4 mmHg higher in males. These facts raised questions about the results of previous studies. For example, the Prospective Studies Collaboration study [14] selection criteria for the analyses did not clarify the reasons for the 10-year age cohort interval, or the methods for removing effects of individual characteristics other than BP.
Many hypertension patients have few or no subjective symptoms. The distribution of BP is close to the normal distribution, and even becomes a statistical example of normal distribution [27] , while the definition of hypertension is artificial and may be altered in the future by the accumulation of new medical knowledge.
More recently, the American College of Cardiology (ACC), American Heart Association (AHA), and nine other organizations [28] Continues to Endorse JNC8 Guideline" [31] .
As a reason for withholding its endorsement, the AAFP stated that the new guideline lacked a systematic review, and would classify 46% of the U.S. adult population as having hypertension, a 32% increase. Dr. O'Gurek, chair of the AAFP's Commission on Health of the Public and Science added: "although the guideline's recommendations were given an evidence quality grade, they weren't grounded in an assessment of the background resources. Finally, substantial weight was given to the Systolic Blood Pressure Intervention Trial (SPRINT), but other trials were minimized." Actually, the word "SPRINT" was used many times in the main text of the 2017 ACC/AHA guideline. In the SPRINT [32] , K. Nawata, M. Kimura Health 9361 individuals with a SBP of 130 mmHg or higher and an increased cardiovascular risk, but without diabetes, were randomly assigned to a SBP target of less than 120 mmHg (intensive treatment) or a target of less than 140 mmHg (standard treatment). The trial period was from November 2010 to March 2013, and was stopped early after a median follow-up of 3.26 years owing to a significantly lower rate in the intesive treatment group.
As Nawata, Sekizawa and Kimura [33] point out, however, biases such as a publication [34] [35] [36] , conflict of interest [37] [38] [39] , and termination (or endpoint) biases [40] might exist in randomized clinical trails (CRT). The change of the hypertension guideline will affect the medical system worldwide.
As suggested by the AAFP [31] , careful and wide-ranging reviews are needed to 
Data and Methods
In this paper, we used an anonymized dataset combining medical checkups and receipts. First, we compared the distributions of medical expenditures for each fiscal year. Various characteristics and health conditions, including BP, affect medical expenditures. To measure the effects of BP correctly, it is necessary to remove the effects of other variables; we therefore employed a regression-type analysis. However, there are problems, as previously identified by Gregori et al. [43] . One is that medical expenditures take many zero values (about 20%). The other is that the distribution is asymmetric and has a very heavy tail, and the va-K. Nawata, M. Kimura Health riance becomes very large. It may not be best to use the ordinary least squares methods in such cases. We therefore used the power transformation tobit model for the analysis.
Data
Japan employs a public health insurance system for the whole nation , and everyone must join some type of public health insurance organization. Corporations form heath insurance societies for employees and their family members.
Most employees 40 or older are required to have a medical checkup once a year by the Industrial Safety and Health Act [44] , and family members can voluntarily have such checkups. The dataset was created with the cooperation of three health insurance societies (Societies 1 -3). Japan measures medical expenditures in points, paying 10 yen per point to medical institutes. Moreover, the same points are allotted for the same treatments and medicines determined by the government regardless of region and medical institution, with a few exceptions [46] . This means that medical expenditure is a good indicator of the health condition of an individual in Japan. A total of 6,312,125 receipts were summed, and medical expenditures in each fiscal year were calculated. In the analysis, we used the dataset containing 175,123 observations for which both the results of checkups and medical expenditures were available in the same fiscal year.
Power Transformation Tobit Model
Many studies of medical expenditures use various types of regression analyses [43] [47] . Medical expenditures do not become negative values (left censored), and there exist many zero values. Moreover, the distribution is asymmetric, having a very heavy tail on the right side, and variance is very large. Therefore, analysis by a standard regression model and ordinary least squares methods may not be the best in this case. We therefore used the power transformation model in this analysis. We briefly explain the power transformation tobit model. σ . For more detail, see Amamya [48] .
2) Power transformation
In the tobit model, normality of the error term is assumed. However, the medical expenditures follow the distribution with a heavy tail on the right side, and do not follow normal distribution. Since the medical expenditure takes zero values, we cannot use the log transformation. In this study, we use the power transformation to make the error term cross to the normal distribution. Gregori et al. [43] considered the Box-Cox transformation [49] , including both log and power transformations. However, the log transformation is not included because of zero values; the power transformation is sufficient in this study. The power transformation is given by:
where M is the medical expenditure and α is the transformation parameter.
3) Power transformation tobit model
In this paper, we use the power transformation tobit model that combines the tobit model and power transformation. Here,
Therefore, the likelihood function to be maximized is obtained by
where Φ is the standard normal distribution function. We consider several different models, and they are explained with the estimation results. Note that when α is given, β and Under the new guideline of 130/80, this value jumps up to 51.1%, more than a half of observations, suggesting the effect of changing the criterion is quite large. As already mentioned, various factors affect medical expenditures and BP. Figure 6 shows the relationships between the average medical expenditures at intervals of 5 years by gender. As an individual ages, medical expenditure increases, and there is a difference between males and females. Nawata et al. [26] pointed out that BP is strongly affected by age and gender. SBP increases by 5 mmHg over a 10-year aging period, and the SBP of males is about 4 mmHg higher than that of females. BP becomes higher as an individual grows older. In the next section, we conduct the analysis by the transformation tobit model. 
SBP and DBP

Relation between SBP and Medical Expenditures
Results of Analysis by the Power Transformation Model Models and Explanatory Variables
Regression models are used to remove the effects of various factors. We first consider the following the power transformation tobit model in Equation (1). hypertension is an important risk factor of diabetes [51] . Suppose that the relation may be "hypertension = > diabetes = > medical expenditure". In this case, if a variable representing diabetes is included, the relation of "hypertension = > medical expenditure" could not be observed. In econometric terms, we used the terol, and HDL cholesterol absorbs cholesterol and carries it back to the liver [52] . Triglyceride is the most common type of fat in the body, and stores excess energy [53] . Although our bodies need lipids to build cells, too much could be a problem [54] . Currently, dyslipidemia is mainly hyperlipidemia, where the lipid concentration is too high. WHO [55] warned: "Raised cholesterol increases the risks of heart disease and stroke. Globally, a third of ischemic heart disease is attributable to high cholesterol. Overall, raised cholesterol is estimated to cause 2.6 million deaths (4.5% of total) and 29.7 million disability adjusted life years (DALYS), or 2.0% of total DALYS." LDL and HDL cholesterols are classified as "bad" and "good". LDL (bad) cholesterol contributes to fatty buildups in arteries, and raises the risk factor for chronic coronary heart disease, heart attack and stroke. On the other hand, HDL (good) cholesterol removes LDL cholesterol from the arteries [52] We first excluded observations with missing values in explanatory variables.
We then excluded the following observations: BMI too high (over 100); SBP too high (over 300) or too low (under 30); DBP too high (over 200) or too low (under 30); SBP-DBP becomes zero or negative; HDL too high (over 500); LDL too high (over 500); Triglyceride too high (over 1000); GGT too high (over 1000); ALT too high (over 500); AST too high (over 500); and Blood_sugar too high Model A assumes that the effects of BP are continuous. However, it is possible that BP affects health conditions only if it becomes higher than certain threshold values (hereafter, threshold value hypothesis; criteria such as 140/90 and 130/80 are obviously based on this hypothesis). Therefore, we consider the model using dummy variables of SBP. Note that we analyzed only SBP as the SPRINT.
Model B: Table 2 presents a summary of the explanatory variables. Table 3 lists the result of estimations for Model A. Figure 7 shows the distribution of the medical expenditures after the power transformation (
The distribution is much closer to the normal distribution, suggesting usefulness of the model for analyzing this dataset. Since the sample size was quite large, all variables except F_year 14 were significant at the 1% level. The estimates of Age, Female, Height, BMI, Triglyceride, GGT, AST, ALT, Blood_suger, Urine_suger, Urine_protein, andF_year15 were positive, with these variables making medical expenditures higher. The effects of most of these variables were as expected. On the other side, the estimates of LDL, HDL, Society 2 and Society 3 were negative.
Although LDL Cholesterol is called "bad" and HDL "good" [53] , higher levels of both LDL and HDL cholesterols reduced medical expenditures in our study.
Hence further studies are necessary to determine the roles and functions of cholesterols, especially LDL cholesterol. This is one important finding of this study.
The medical expenditures of Societies 2 and 3 were lower than those of Society SBP130, SBP140 and SBP180 dummies were not significant even at the 5% level, despite the fact that the sample size was quite large. Only the SBP160 dummy was significant at the 1% level, but the estimated value was negative. Although it was not significant at the 5% level, the estimate of DBP becomes a negative value in this model. These findings do not support the threshold value hypothesis, at least for SBP.
Discussion
The effects of BP on medical expenditures are mixed. Higher DBP makes them higher, but higher SBP makes them lower. We evaluated the relations between medical expenditures and high SBP or SBP hypertension. As shown in Figure 5 , there exists an upward trend between SBP and average medical expenditures.
We consider a simple regression model of Equation (1) that is given by:
Model C: 
The estimate of SBP is positive, and its t-value is 35.70 and significant at any reasonable significance level. As shown in Figure 6 , age and gender might affect medical expenditures. We add Age and Female, and consider the model:
Model D:
The estimation results of this model are given by: 
Although the size is almost half that of the previous case, the estimate of SBP is still positive, and the t-value is 20.86 and significant at any reasonable level.
We then add BMI, representing obesity, and consider the model, Model E: The estimation result is given by: 
In Model E, the coefficient of SBP becomes negative and significant at the 1% level. Muntner et al. [57] analyzed data from the US National Health and Nutri-tion Examination Survey (NHANES). They pooled data from the 2011-2012 and 2013-2014 NHANES cycles of adult participants, 20 years of age and older (n = 10,907). They declared that, "Implementation of the 2017 ACC/AHA hypertension guideline has the potential to increase the prevalence of hypertension and use of antihypertensive medication among U.S. adults. This should translate into a reduction in CVD events." Although age, gender, race, smoking, total and HDL-cholesterol, and diabetes were included, "obesity" was not considered in their analysis. The correlation coefficient of SBP and BMI is 0.307 in this study.
The relation between obesity and hypertension has been recognized for more than a half century [58] , and many studies have been conducted. For details, see the review works of Kotchen [59] , Jiang et al. [60] and Leggio et al. [61] . Jiang et al. [60] declared that: "The mechanisms underlying obesity-associated hypertension or other associated metabolic diseases remains to be adequately investigated." They furthermore contended that, "There is no single cause to explain all the cases of obesity worldwide." The relation between BP and obesity should be carefully studied.
The results of this study suggest that the risks of hypertension might be spurious, and other factors such as obesity might be affecting health condition.
Moreover, BP has been found to affect not only heart diseases but also various other health conditions such as kidney diseases [32] [62] . The influences of the new guideline of 130/80 are so large that careful reviews of various studies including analyses of various factors and diseases (not only heart diseases) affected by BP levels are absolutely necessary to determine whether or not the new guideline is appropriate.
Conclusions
In this study, we mainly evaluated the effects of BP on medical expenditures by the transformation tobit models using a dataset containing 175,123 medical checkups and 6,312,125 receipts obtained from 88,211 individuals obtained from three health insurance societies. Medical expenditure is a very good indicator of an individual's health condition, because under the current Japanese national health insurance system, most medical institutes receive the same amount for the same treatments and medicines, independent of region. We first considered a model that included various heath information factors for individuals obtained in yearly medical examinations. Although the estimate of DBP had a positive value, that of SBP became negative and the absolute t-value was larger than 10, suggesting that the new guideline for SBP was not supported.
We then theorized that threshold values and BP might affect health condition only if BP exceeded those values (threshold value hypothesis). We used SBP dummies to check the threshold value hypothesis, but the results did not support the hypothesis for SBP. While the estimates of most other variables had expected signs, LDL cholesterol, considered "bad", showed the opposite result. It is likely we will need additional studies for the evaluation of cholesterols.
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We then evaluated the relation between medical expenditures and SBP. Medical expenditures and SBP were positively correlated, and if the simple model only contained SBP, the estimate became a positive value. Although the size of the coefficient was almost cut in half, the sign did not change if age and gender variables were considered in the model. However, when BMI, representing obesity, was added, the estimate of SBP became negative and significant at the 1% level.
It is possible that the relation between SBP and medical expenditures might be spurious, and the correlation of SBP and BMI might affect the result. The relation between BP and obesity should be carefully studied. Moreover, the effect of the new 2017 ACC/AHA guideline, the first comprehensive hypertension clinical practice guideline since 2003 [30] , is so large that a careful and wide range of reviews of various studies, not only of heart diseases but for other types of diseases as well, are absolutely necessary. New studies verifying the guideline should also be conducted.
In this paper, we evaluated medical expenditures, not the risks of BP on heart diseases. Evaluation of the effects of BP on heart diseases and other important diseases is needed. It will also be necessary to analyze a larger and longer time-range dataset from various insurance societies to make the analysis more precise. These are subjects to be studied in future.
